Abstract. Aluminium metallization has a disadvantage when it comes to high-end applications as it cannot withstand the high temperature and pressure. This paper studies the factors that affect the surface roughness on a Platinum deposited wafer after reactive ion etching (RIE) using a combination of CF 4 and Argon gaseous. A total of three controllable process variables, with 8 sets of experiments were scrutinized using a systematically designed design of experiment (DOE). The three variables in the investigation are ICP power, Bias power, and working pressure. The estimate of the effect calculated for ICP power, Bias power, and working pressure are -6.3608, -3.2858, and -5.394 respectively. All three factors gave negative effects. This implies that the surface roughness decreases when ICP power, Bias power, and working pressure is high. The ICP Power is the most influential factor followed by working pressure, and bias power.
Introduction
As wire bonding technology is moving to smaller size, the quality of bondability has great acceptation and arbitrate its reliability [1] . The optimization of process or product quality by far and large influences the semiconductor manufacturing thoroughly [2] . Surface roughness plays an important role for bond adhesion to the metallization in wire bonding [3] .
Pure or doped Aluminium has been the metallization of choice in integrated circuits (IC) technology [4] . However, Platinum (Pt) is a stable noble metal oxidizing only under extreme conditions of temperature and pressure, also a very good conductor of electricity. It does not oxidize easily compared to Aluminum [5] .
Platinum metallization layer has high thermal coefficient resistance and inert to oxygen. Thus, it will bring some benefit to the industry areas. For example, it is applicable in motor and sensors functioning at high temperature condition and overcome the corrosion problem that occurs in a device [6] .
Jang-Kyo-Kim and Benny P.L.Au conducted a research on wire bond yield and concluded that the yield relies on the bondability of the Ni/Au pads [7] . Several metallization parameters, including elemental composition, thickness, hardness, roughness, and surface contamination, affect the success of the solid state joining process. A rough surface can provide more contact area for welding, along with a higher degree of mechanical interlocking, especially when low-temperature thermosonic bonding is used.
To the best of the author's knowledge, minimal researches have been done on the relationships of surface roughness using platinum as the metallization. Therefore, this paper scrutinized the correlation between the parameters in response to the quality of surface roughness of the etched Platinum metallization layer.
Methodology
A design matrix was designed using full factorial design of experiment (DOE) with four factors and one response. The set of experimental combinations systematically study the variables that influence the quality of the surface roughness. DOE enables quick perception of the process or system performance over a specified region of interest [8] . Table I shows the list of variables in the experiment and the values for the low and high levels. A total of 8 experiments were carried out in this study. Varied values of ICP power, bias power and also working pressure were chosen as the experimental parameters while the response will be the surface roughness. The type of gaseous used which is CF 4 +Argon remained as constant. Next, the samples were analysed under the Atomic Force Microscopy (AFM) to measure the surface roughness.
As for the test samples, samples used in this study were prepared from blank wafers. Dicing was performed to dice the wafer into individuals wafers of 1 cm x 1cm. Next, cleaning process using Piranha solution was performed. Piranha was chosen because it is a strong oxidizer and has the ability to remove most organic matter especially oxide. Approximately 200 Angstrom thickness of Platinum was deposited onto the active side of the wafer by sputtering. After that, the samples were ready for etching process using Inductive Coupled Plasma-Reactive ion Etching or ICP-RIE.
Reactive Ion Etching (RIE) is a technique for removing material from the wafer surface with both a reactive chemical process and a physical process using ion bombardment. For the purpose of removing Platinum, two types of gaseous are used which are CF 4 +Argon and CF 4 +Argon. Pressure can affect plasma uniformity and cause the etch rate or the deposition rate across a wafer to change. Moreover, ion bombardment is a very important property of plasma.
Results and Discussions
In order to compute the main effects, it was necessary to construct the coded design matrix as shown in Table 1 . The main effect is calculated using the following equation [9] : Main effect of a factors = average surface roughness at high level-average surface roughness at low level (1) 
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The estimate of the effect calculated for ICP Power, Bias, and Pressure are -6.3608, -3.2858, and -5.394 respectively. An effect is negative when the average surface roughness is high at a low level of the factor.The main effects plot was used to visually observe the effects. The importance of an effect depends on the slope of the line joining the average low and high levels of a certain factor. Higher gradient indicates that the factor is more influential. Figure 2 displays the main effects plot for each factor in response to the surface roughness. From the graphs in Figure 1 , all the variables gave similar slant where the surface roughness is high when a low level value of a factor is applied. The ICP Power has the steepest slope followed by working pressure, and bias power.
Whereas Figure 2 displayed the difference in surface roughness where in (a), the surface is rougher whereas in (b), the surface area is almost flat and the roughness is very low. The values of surface roughness were then recorded in a coded design matrix. 
Conclusion
This study analyzes the effects of different controllable process factors on the surface roughness quality after Reactive Ion Etching (RIE) using CF 4 +Argon gaseous. The ICP Power is the most influential factor followed by working pressure, and bias power. This suggests that the surface roughness decreases when ICP power, Bias power, and working pressure is high. The estimate of the effect calculated for ICP Power, Bias, and Pressure are -6.3608, -3.2858, and -5.394 respectively.
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